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In this note we discuss a determination for the mass of the _Ds(0^, 1^) system recently discovered 
by the BaBar, CLEO II and Belle Collaborations. The value of the mass is derived by making 
explicit the prediction obtained in a quark-meson model prior to the discovery of these states. 
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Recently the BaBar collaboration |l| discovered a nar- 
row meson near 2.32 GeV/c^ decaying into DgW^. The 
reported mass is 

M = 2316.8 ± 0.4 MeV/c^ , (1) 

while the width T = 8.6 ± 0.4 MeV/c^ is consistent with 
the experimental resolution. This result has been con- 
firmed by the CLEO II Collaboration and the Belle 
Collaboration Besides the 2.32 state CLEO also finds 
another narrow state, near 2.46 GeV/c^, decaying into 
D*Tr^. More precisely for the latter mass they find 

M' = 2463 MeV/c^ . (2) 

These data have triggered a discussion on the nature of 
the observed states, see e.g. pEiSiiHaillllllll 

IliLllSlllq and the review in The natural interpreta- 
tion should be that these states form the = (0+, 1+) 
doublet, predicted by the Heavy Quark Effective Theory 
(HQET) and generally denoted as S in this formal- 
ism. Their masses happen to be below the threshold mass 
for the decay into the Zweig allowed final state D'^*^K 
and this forces the isospin violating Di*^7r° decay chan- 
nel and the narrowness of the decaying meson. Though 
straightforward, this identification is questioned by some 
results of potential models [l^l20'. 21] that predict larger 
masses, above the D'-*^K threshold. Because of it, more 
exotic explanations have been proposed in terms of bary- 
onium, Dtt atoms or DK molecules 0, IE IE 111- 

Our point of view is very close to the one expressed 
in (see also ll^)- We do not see anything exotic in 

(s) 

this state, especially so because the mass M'g' of the 
S = (0+, l"*") multiplet in the strange sector can be ob- 
tained using a relativistic quark model incorporating the 
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symmetries of the HQET "2^. The calculation is en- 
tirely analogous to the one of the non-strange multiplet 
(0+, 1+) whose mass was predicted in |23| : 

Ms = 2165 ± 50 MeV/c^ . (3) 

A rough estimate of the strange 5*— doublet mass can be 
simply obtained by adding a mass term 

M{D,) ~ M{D) ~ M{D*) - M{D*) ~ lOOMeV/c^ (4) 

to ||3J|. This would give a resuh l4'^ ~ 2265 MeV/c^, 
which would be compatible with Q and ^ only if the 
theoretical uncertainties were larger. This estimate is 
however too crude, and in any case unnecessary because 
the model allows a more precise calculation. In view of 
its interest we present it below. It is worth noticing that 
not only the average mass Q of the = (0+, 1+) non- 
strange states was computed, but also the masses of the 
strange = (0+, 1+) states were already evaluated by 
us. This calculation is contained in and its result was 
used as a parameter in a form factor parametrization. In 
this note we briefly recall the discussion outlined in |2^ 
and make explicit the prediction for Mg . 

The model we consider is a quark-meson model 
(CQM), introduced in [23j as an extension of the ideas 
and the methods in Refs. |23. l25ll and (2^). A survey 
of these topics can be found in [23| ■ The transition am- 
plitudes containing light/heavy mesons in the initial and 
final states as well as the couplings of the heavy mesons 
to hadronic currents can be calculated via quark loop di- 
agrams where mesons enter as external legs. The model 
is relativistic and incorporates, besides the heavy quark 
symmetries, also the chiral symmetry of the light quark 
sector. 

The model can be extended to the strange quark sector 
solving the gap equation discussed in with a non zero 
current mass for the strange quark: 

H(to) = m-mo -8mG/i(m2) = 0, (5) 
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where G = 5.25 GeV~ and mg is the current mass of 
the strange quark. The Ii integral is calculated using the 
proper time regularization: 
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The choice of the ultraviolet (UV) cutoff is dictated by 
the scale of chiral symmetry breaking A^^, = 47r/^ and we 
adopted A = 1.25 GeV. The infrared (IR) cutoff /i and 
the constituent mass m must be fixed taking into account 
that CQM does not incorporate confinement. This means 
that one has to enforce the kinematical condition to pro- 
duce free constituent quarks M > mq + to, where M is 
the mass of the heavy meson and toq is the constituent 
mass of the heavy quark. The heavy meson momentum 



is = to 



being the heavy quark 4-velocity 



and the so called residual momentum due to the in- 
teractions of the heavy quark with the light degrees of 
freedom at the scale of Aqcd- Therefore the above con- 
dition coincides with v ■ k > m. This is so because the 
4-velocity of the meson is almost coincident with that 
of the heavy quark, i.e. P ~ Mv. Equivalently, in the 
rest frame of the meson, inf(fc) = to, meaning that the 
smallest residual momenta that can run in the CQM loop 
amplitudes are of the same size of the light constituent 
mass. The IR cutoff fj, is therefore fi :^ m. 

A reasonable constituent quark mass for the strange 
quark is to = 510 MeV/c^, conside ring the 6 meson as 
a pure ss state. Taking /i = 0.51 GeV/c^ as an infrared 
cutoff, a value of toq = 131 MeV/c^ is required by the 
gap equation (consistently with the spread of values for 
the current s quark mass quoted in 29]). Varying the 
current strange mass in the range 60—170 MeV/c^ gives 
a small excursion of the constituent strange mass around 
the 500 MeV/c2 value. 

The free parameter of CQM is Ah defined, in the in- 
finite heavy quark mass limit, by Ah — Mh — rng. The 
subscript H refers to the iJ— multiplet of the HQI5T 
H = (0~, 1~). In a similar way a A5 is associated to the 
S multiplet, S = (0+, 1+). The latter is determined by 
fixing Ah and solving the equation: 



The related A^'' , A^"-* values in the strange sector are 
shown in Table I. We consider in the table the range 
of values A^^ = 0.5,0.6,0.7 GeV/c^, which IS consis- 
tent with the condition M > toq -|- to. Note that in 
the non strange sector we considered in |2^ the values 
Ah = 0.3,0.4,0.5 GeV/c^, smaller or higher values be- 
ing excluded by consistency argument or by experiment. 
Using Q we see that the value A^^ = 0.7 GeV/c^ has 
to be excluded as well. 





A( = ) 


0.5 


0.86 


0.6 


0.91 


0.7 


0.97 



TABLE I: A^^' (inGeV/c^). 

In order to give the explicit value of the mass of the 
(0+, 1+) states we observe that experimentally one has: 



M 
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2076± 1 MeV/c^. (10) 



Considering only the first two entries in Table I, from 
Alf^ - A^^ = M_^'^ - M^^'^ = 335 ± 25 MeV/c^ one gets 



M^'^ = 2411 ±25 MeV/c^ 



(11) 



that differs by ~140 MeV/c^ from the rough estimate 
presented above. 

Eq. (|ll|l represents the main result of this note. It 
gives the average mass of the S = (0+, 1+) doublet and 
is related to the masses of the two states by 



M 
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From the measured value of the 0+ state, eq. we get 



n(A^^) = n(As), 



where 



with 



d-^k 



(fc2 — m?){v ■ k + A + ie) 



(7) 



U{Ah^s) = h + (Aff,s ± to)J3(Ah^s) (8) 



(9) 



167r3/2 53/2 



1 + erf (AVi)) 



Eq. iQ comes from requiring the HQET form of the ki- 
netic term in the effective Lagrangian defining the model. 



4M, 
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D.(0+) 



= 2442 ±33 MeV/c^ 
(13) 

which agrees, within the theoretical uncertainties, with 
the CLEO result The overall agreement is better 

here than in other approaches, see e.g. the discussion 
contained in [l^ . 

We note that in the present model the relation (Mi+ — 
Mo+) = (Ml- - Mo-) ~ 142 MeV/c2 [3 does not hold 
necessarily (indeed we find Mi+ — AIq+ = 125 MeV/c^). 
In any case, assuming its validity, from Q we would get 
M^.(o+) = 2304 ± 25 MeV/c^ and Mc.(i+) = 2446 ± 
25 MeV/c^, which is also compatible, within the errors, 
with the data ^ and Q. Let us finally observe that, 
using Table I, we expect for the i?s(0+,l"'") system a 
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central mass of M = 5740 ± 25 MeV/c^ and, for the 
two individual states, Mg,^Q+-^ = 5710 ± 25 MeV/c^ and 
Mbj(i+) = 5770 ± 25 MeV/c^ respectively. On the basis 
of these results, the bs signal at 5850 MeV/c^ should 
be better interpreted as arising from the (l"*", 2+) doublet 
predicted by the HQET. 
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